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TITLE OF THE INVENTION 

EXHAUST GAS CLEANING METHOD, EXHAUST GAS CLEANING CATALYST 
AND EXHAUST GAS CLEANING DEVICE FOR INTERNAL COMBUSTION 
ENGINE 

5 

BACKGROUND OF THE INVENTION 

The present invention relates to the method, device 
and catalyst to clean exhaust gas discharged from an 
internal combustion engine including a car, and 

10 particularly to the method, device and catalyst to clean 
exhaust gas discharged from an internal combustion engine 
permitting lean burning of fuels and from a car equipped 
with said engine. 

According to a heretofore known method, an exhaust gas 

15 cleaning catalyst is placed in the exhaust gas flow path of 
the internal combustion engine, and exhaust gas having an 
air-fuel ratio higher than theoretical air-fuel ratio 
(hereinafter referred to as "oxidation atmosphere") and 
exhaust gas having an air-fuel ratio equal to or smaller 

20 than theoretical air-fuel ratio (hereinafter referred to as 
"reduction atmosphere") are alternately made to contact 
said catalyst, thereby removing nitrogen oxides in exhaust 
gas. This method is disclosed, for example, in the 
Official Gazette of Japanese Patent Laid-Open NO. 

25 212933/1998. 

According to the Official Gazette of Japanese Patent 
Laid-Open NO. 327617/1997, a catalyst used in this type of 
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exhaust gas cleaning method includes an alkaline earth 
metal and titanium. A catalyst containing titanium in the 
form of amorphous material is disclosed in said Gazette. 
The Official Gazette of Japanese Patent Laid-Open NO. 
5 109032/1998 discloses a catalyst containing alkaline earth 
metal and titanium, wherein part of these materials take 
the form of composite oxides. The Official Gazettes of 
Japanese Patent Laid-Open NO. 327617/1997 and NO. 
109032/1998 disclose that SOx contained in exhaust gas 

10 becomes difficult for alkaline earth metal to capture, and 
this makes it possible to suppress poisoning by SOx. 

Inventions described in the Official Gazettes of 
Japanese Patent Laid-Open NO. 327617/1997 and NO. 
109032/1998 are mainly intended to prevent alkaline earth 

15 metal as an NOx capturing agent from being poisoned by SOx. 
However, alkaline earth metal is not always immune to 
poisoning by SOx; it is subjected to poisoning by SOx if a 
long-term operation is performed in the oxidation 
atmosphere, and NOx removing performances are deteriorated. 

20 

SUMMARY OF THE INVENTION 

The object of the present invention to provide an 
exhaust gas cleaning method ensuring excellent NOx removing 
performances , an exhaust gas cleaning catalyst, and an 
25 exhaust gas cleaning device, characterized by a high 
resistance to SOx poisoning. 
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The present invention ensures that the SOx deposited 
on catalyst in the oxidation atmosphere can be effectively 
removed by creating a reduction atmosphere. 

The present invention relates to the exhaust gas 
5 cleaning method , exhaust gas cleaning catalyst and exhaust 
gas cleaning device featuring the following forms of 
embodiment: 

1 . An exhaust gas cleaning method for internal 
combustion engine wherein 
10 ( 1 ) an exhaust gas cleaning catalyst is placed in the 

exhaust gas flow path of an internal combustion engine, and 

(2) exhaust gas having an air-fuel ratio higher than 
theoretical air-fuel ratio and exhaust gas having an air- 
fuel ratio equal to or smaller than theoretical air-fuel 
15 ratio are alternately made to contact said catalyst, 
thereby removing nitrogen oxides in exhaust gas; 

said exhaust gas cleaning method for internal 
combustion engine characterized in that 

said catalyst contains at least one type selected from 
20 alkaline metal and alkaline earth metal, Rh, Pt, and CO 
adsorbent component where the absolute value (AH) of CO 
adsorbent enthalpy on the metal single crystal (111) 
surface is 142 KJ/mol or more; 

said exhaust gas cleaning method further characterized 
25 in that 

the CO desorption temperature reaches the maximum 
level within the temperature range from 200 to 220 °C in 



the event of temperature rise in He gas flow at the rate of 
5 to 10 °C/min. after adsorption of CO to said catalyst by 
saturation at 100 °C. 

2 . An exhaust gas cleaning method for internal 

5 combustion engine in said catalyst characterized in that 
said CO adsorbent compound comprises at least one type 
selected from Pd, Ir and Ru (Claim 2). 

3 . An exhaust gas cleaning method for internal 
combustion engine characterized in that said catalyst 

10 contains at least one type selected from Ti, Si and Zr, and 
includes a composite oxide comprising said type(s) and at 
least one type selected from Na, Mg, K, Li, Cs, Sr and Ca. 

4 . An exhaust gas cleaning method for internal 
combustion engine wherein said catalyst further contains Ce. 

15 5. An exhaust gas cleaning method for internal 

combustion engine wherein 

said exhaust gas cleaning method for internal 
combustion engine being characterized in that said catalyst 
contains at least one type of alkaline metal or alkaline 

20 earth metal selected from Na, Mg, K, Li, Cs, Sr and Ca on 
the surface of a porous carrier, Rh, Pt, at least one type 
selected from Zr and Ti and Si, and at least one type 
selected from Pd, Ir nd Ru; 

wherein the ratios of components relative to 100 parts 

25 by weight of said porous carrier are 5 to 30 pts. wt. for 
alkaline metal or alkaline earth metal in total, 8 to 35 
100 pts. wt. for Ti, 3 to 25 pts. wt. for Si, 3 to 25 pts. 
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wt. for Zr, 0.05 to 0,5 pts. wt. for Rh, 1,5 to 5 pts. wt. 
for Pt, and 0.25 to 3 pts. wt. for Pd, Ir and Ru in total. 

6. An exhaust gas cleaning method for internal 
combustion engine wherein said catalyst further contains 

5 alkaline earth metal on said porous carrier, and the ratio 
of said alkaline earth metal relative to 100 parts by 
weight of said porous carrier is 5 to 50 pts. wt. 

7. An exhaust gas cleaning catalyst for internal 
combustion engine which comprises at least one type 

10 selected from alkaline metal and alkaline earth metal, Rh, 
Pt and the CO adsorbent component where the absolute value 
(AH) of CO adsorbent enthalpy on the metal single crystal 
(111) surface is 142 KJ/mol or more, and where the CO 
desorption temperature reaches the maximum level within the 

15 temperature range from 200 to 220 °C in the event of 
temperature rise in He gas flow at the rate of 5 to 
10 °C/min. after adsorption of CO to said catalyst by 
saturation at 100 °C. 

8. An exhaust gas cleaning catalyst for internal 
20 combustion engine wherein said CO adsorbent compound 

comprises at least one type selected from Pd, Ir and Ru. 

9. An exhaust gas cleaning catalyst for internal 
combustion engine wherein said alkaline metal or alkaline 
earth metal comprises at least one type selected from Na, 

25 Mg, K, Li, Cs, Sr and Ca, and contains a composite oxide 
comprising said element(s) and at least one type selected 
from Zr and Ti and Si. 
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10. An exhaust gas cleaning catalyst for internal 
combustion engine which further contains Ce. 

11. An exhaust gas cleaning catalyst for internal 
combustion engine which has on the surface of a porous 

5 carrier at least one type selected from alkaline metal and 
alkaline earth metal, Rh, Pt, at least one type selected 
from Ti, Si and Zr, and at least one type selected from Pd, 
Ir and Ru; wherein said alkaline metal or alkaline earth 
metal comprises at least one type selected from Na, Mg, K, 

10 Li, Cs, Sr and Ca; 

the ratios of components relative to 100 parts by 
weight of said porous carrier are 5 to 3 0 pts . wt. for 
alkaline metal or alkaline earth metal in total, 8 to 35 
100 pts. wt. for Ti, 3 to 25 pts. wt. for Si, 3 to 25 pts. 

15 wt. for Zr, 0.05 to 0.5 pts. wt. for Rh, 1.5 to 5 pts. wt. 
for Pt, and 0.25 to 3 pts. wt. for at least one type 
selected from Pd, Ir and Ru in total. 

12. An exhaust gas cleaning catalyst for internal 
combustion engine on the surface of said porous carrier, 

20 characterized in that said catalyst further contains rare 
earth metal, and the ratio of said rare earth metal 
relative to 100 parts by weight of said porous carrier is 5 
to 50 pts. wt. 

13. An exhaust gas cleaning device for internal 

25 combustion engine characterized in that an exhaust gas 

cleaning catalyst is arranged in the exhaust gas flow path 
of said internal combustion engine where there is a flow of 



7 

exhaust gas having an air-fuel ratio higher than 
theoretical air-fuel ratio and exhaust gas having an air- 
fuel ratio equal to or smaller than theoretical air-fuel 
ratio; 

5 said exhaust gas cleaning device further characterized 

in that said exhaust gas cleaning catalyst contains at 
least one type selected from alkaline metal and alkaline 
earth metal , Rh, Pt, and CO adsorbent component where the 
absolute value (AH) of CO adsorbent enthalpy on the metal 

10 single crystal (111) surface is 142 KJ/mol or more, and 
where the CO desorption temperature reaches the maximum 
level within the temperature range from 2 00 to 220 °C in 
the event of temperature rise in He gas flow at the rate of 
5 to 10 °C/min. after adsorption of CO to said catalyst by 

15 saturation at 100 °C. 

14. An exhaust gas cleaning device for internal 
combustion engine wherein said CO adsorbent component 
comprises at least one type selected from Pd, Ir and Ru. 

15. An exhaust gas cleaning device for internal 

20 combustion engine wherein said alkaline metal or alkaline 
earth metal comprises at least one type selected from Na, 
Mg, K, Li, Cs, Sr and Ca, and contains a composite oxide 
comprising said element (s) and at least one type selected 
from Zr and Ti and Si. 

25 16. An exhaust gas cleaning device for internal 

combustion engine wherein said catalyst further contains Ce. 
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17. An exhaust gas cleaning device for internal 
combustion engine characterized in that an exhaust gas 
cleaning catalyst is arranged in the exhaust gas flow path 
of said internal combustion engine where there is a flow of 
5 exhaust gas having an air-fuel ratio higher than 

theoretical air-fuel ratio and exhaust gas having an air- 
fuel ratio equal to or smaller than theoretical air-fuel 
ratio; 

wherein said catalyst further contains on the surface 

10 of a porous carrier at least one type selected from 

alkaline metal and alkaline earth metal , Rh, Pt f at least 
one type selected from Ti, Si and Zr, and and at least one 
type selected from Rh, Pt and Ru; 

said exhaust gas cleaning device further characterized 

15 in that the ratios of components relative to 100 parts by 
weight of said porous carrier are 5 to 30 pts. wt. for 
alkaline metal or alkaline earth metal in total, 8 to 3 5 
100 pts. wt. for Ti, 3 to 25 pts. wt. for Si, 3 to 25 pts. 
wt. for Zr, 0.05 to 0.5 pts. wt. for Rh, 1.5 to 5 pts. wt. 

20 for Pt, and 0.25 to 3 pts. wt. for at least one type 
selected from Pd, Ir and Ru in total; 

wherein the CO desorption temperature reaches the 
maximum level within the temperature range from 200 to 
220 °C in the event of temperature rise in He gas flow at 

25 the rate of 5 to 10 °C/min. after adsorption of CO to said 
catalyst by saturation at 100 °C. 
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18* An exhaust gas cleaning device for internal 
combustion engine on the surface of said porous carrier, 
characterized in that said exhaust gas cleaning catalyst 
further containing rare earth metal, and the ratio of said 
5 rare earth metal relative to 100 parts by weight of said 
porous carrier is 5 to 50 pts. wt. 

According to the present invention, alkaline metal or 
alkaline earth metal causes Nox to be captured on the 
catalyst surface in the oxidation atmosphere* Then a 

10 composite oxide comprising said alkaline metal, alkaline 

earth metal, and at least one type selected from Ti, Zr and 
Si, or NOx in the oxidation atmosphere is firmly captured 
on the catalyst surface. Pt and Rh serve as an NOx 
reducing agent. They removes by reduction the NOx 

15 remaining captured onto the NOx capturing compound surface 
in the oxidation atmosphere by means of the reducing agent 
such as HC, CO and H 2 coexisting in exhaust gas in the 
reduction atmosphere. The CO adsorbent compound acts to 
remove by reduction the SOx captured by the CO capturing 

20 compound, using the reducing agent such as CO, HC and H 2 
contained in the exhaust gas of reduction atmosphere. 

SOx poisoning in exhaust gas cleaning catalyst 
according to the present invention is caused approximately 
by equations (1) to (3). Firstly, as shown in equation (1), 

25 S0 3 is generated by oxidation of S0 2 . The generated S0 3 

reacts with the compound capturing the NOx (M:NOx capturing 
agent) to generate sulfite compound as shown in equation 
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(2) , or sulfate compound as given in equation (3). Sulfite 
compound and sulfate compound are strongly acid; therefore, 
when these are generated, it becomes difficult to capture 
the NOx which will become acid molecule, as illustrated in 

5 equation 4. 

S0 2 + l/20 2 S0 3 . . . (1) 
M + S0 3 -» M - S0 3 . . . (2) 
M - S0 3 + l/20 2 -» M - S0 4 . (3) 
M + NOx -> M - NOx ... ( 4 ) 
10 The inventions disclosed in the Official Gazettes of 

Japanese Patent Laid-Open NO. 327617/1997 and NO. 
1090327/1998 show that the progress of equations (2) and 

(3) is suppressed by Ti carried by alkaline earth metal 
serving as an NOx capturing agent. 

15 By contrast, the present inventors consider that 

deposition of SOx onto the NOx capturing agent cannot be 
avoided in the oxidation atmosphere, and aimed at achieving 
an effective removal of the captured SOx in the atmosphere 
of reduction. 

20 Reaction of removing the SOx captured on the catalyst 

surface is considered to progress approximately according 
to the equations (5) to (8). The HC, CO and H 2 coexisting 
in exhaust gas in the reduction atmosphere are captured on 
the HC, CO and H 2 adsorbent (represented in terms of PM) . 

25 The HC, CO and H 2 (represented in terms of PM-HC, CO and 

H 2 ) adsorbed on PM react with sulfite compound as shown in 
expression (6), and the captured SOx is removed from the 
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NOx capturing agent. SOx is also removed by the reaction 
of reducing sulfate compound to sulfite compound as 
expressed in equation (7) and by the reaction of reducing 
sulfate compound as given in equation (8). 

5 PM + HC, CO, H 2 PM - HC, CO, H 2 (5) 

M - S0 3 + PM - HC, CO, H 2 - PM + M + H 2 S + S0 2 + C0 2 + 
H 2 0 (6) 

M - S0 4 + PM - HC, CO, H 2 - PM + M-S0 3 + C0 2 + H 2 0 
(?) 

10 M - S0 4 + PM - HC, CO, H 2 - PM + M + H 2 S + S0 2 + C0 2 + 

H 2 0 ( 8 ) 

To develop the reaction in the equation (5), it is 
necessary to have HC, CO and H 2 adsorbent to adsorb HC, CO 
and H 2 . Study of the reaction of removing the captured SOx 
15 in the reduction atmosphere where NO and oxygen coexist has 
revealed that, of HC, CO and H 2 , CO makes the greatest 
contribution to the removal of captured SOx. 

The captured SOx can be most effectively eliminated by 
the CO adsorbent which selectively adsorbs CO out of HC, CO 
20 and H 2 . 

Reaction temperature is also involved in the reaction 
of removing the captured SOx. Higher the reaction 
temperature, the better for it. In automobiles, however, 
feed of exhaust gas in the reduction atmosphere of 600 °C 
25 or more leads to increase in fuel costs . From the view 

point of practical utility, therefore, reaction temperature 
is preferred to be about 500 °C. 
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As can bee seen from the above discussion, the present 
invention aims at achieving an effective removal of the 
captured SOx, using such reducing agents as HC, CO and H 2 
in the reduction atmosphere of about 500 °C. 
5 The absolute value of CO adsorption enthalpy (AH) 

serves as an indication to judge the CO adsorption power of 
CO adsorbent. A material having a greater absolute value 
in CO adsorption enthalpy has a greater capacity to attract 
CO. The following shows the absolute values (AH) of CO 

10 adsorbent enthalpy on the metal single crystal (111) 

surface in the descending order (Source: Basic Course in 
Chemical Handbook by The Chemical Society of Japan): 

Ru (AH: 160 KJ/mol) > Pd (142), Ir (142) > Pt (138) > 
Rh (132) > Co (128) > Ni (125) > Fe (105) > Cu (50) > Ag 

15 (27) 

The above shows that Ru, Pd and Ir are preferred as CO 
adsorbent having a greater capacity to attract CO. Ru is 
subjected to evapotranspiration at high temperature, and Ir 
is of rare occurrence. When practical utility is taken 

20 into account, Pd and CO less subjected to 

evapotranspiration and characterized by stable occurrence 
are best preferred as CO adsorbent. 

CO adsorption power varies according to the carried 
state, added volume and catalyst baking temperature in 

25 addition to the type of metal of the CO adsorbent. The 
degree of CO adsorption power of the CO adsorbent can be 
evaluated according to the thermal desorption method. 
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Measurement procedures can be described as follows: 
Temperature is raised in He gas flow at the rate of 5 to 
10 °C/min. after adsorption of CO onto exhaust gas cleaning 
catalyst by saturation at 100 °C. Then the volume of CO 
5 desorption with respect to temperature is measured at the 
catalyst outlet. For the catalyst with high CO adsorption 
power, the temperature where the volume of CO desorption is 
maximized shifts to the higher side. 

For the exhaust gas cleaning catalyst capable of 
10 removing the captured SOx in the reduction atmosphere of 

about 500 °C, the volume of CO desorption was maximized at 
the temperature ranging from 200 to 22 0 °C. For the 
exhaust gas cleaning catalyst incapable of removing the 
captured SOx, the volume of CO desorption was maximized at 
15 about 175 °C. 

The above discussion suggests that Pd, Ru and Ir 
having the absolute values (AH) of CO adsorbent enthalpy of 
140 kJ/mol or more on the metal single crystal (111) 
surface are preferred as CO adsorbent. From the view point 
20 of practical utility, Pd is the most preferable for said 

reasons. Furthermore, the catalyst including CO adsorbent 
is best preferred when the maximum value of the CO 
desorption temperature reaches 200 to 220 °C in thermal 
desorption. 

25 The captured SOx in the reduction atmosphere can be 

more quickly removed when the volume of SOx captured by the 
NOx capturing agent is smaller. Furthermore, formation of 
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SOx on the catalyst surface as sulfite compound is more 
likely to be reduced than formation of SOx as sulfate 
compound. The NOx capturing agent comprises at least one 
type selected from Na, Mg, K, Li, Cs, Sr and Ca, and 
includes a composite oxide comprising said type(s) and at 
least one type selected from Ti, Si and Zr. When NOx is 
made to be captured on the catalyst surface by chemical 
adsorption, a smaller volume of SOx is deposited on the NOx 
adsorbent. Even when SOx is deposited, generation of 
sulfite compound proceeds, thereby facilitating SO 
reduction. 

Composite oxides between Sr and Ti include SrTi0 3 , 
Sr 2 Ti0 4 , Sr 3 Ti 2 0 7 , Sr 4 Ti 3 O 10 , SrTi 12 0 19 , SrTi 21 0 38 . 

Composite oxides between Sr and Si include SrSi0 3 , 
Sr 3 Si0 5 and Sr 2 Si0 4 . 

Composite oxides between Sr and Zr include SrZr0 3 , 
Sr 2 Zr0 4 , Sr 3 Zr 2 0 7 and Sr 4 Zr 3 O 10 . 

Composite oxides between Sr and Ti and Zr include Sr 2 

(Tlo.25 ^ r 0.75 ) • 

Composite oxides between Sr, Ti and Si include 
SrTiSi 2 0 8 . 

Furthermore, composite oxides formed with at least one 
type selected from Na, Ti, Si and Zr include the following, 
for example: 

Composite oxides between Na and Ti include Na 2 Ti0 3 , 
Na 2 Ti 3 0 7 , Na 2 T 14 0 9/ Na 2 Ti 6 0 13 , Na 4 Ti 5 0 12 , Na 0 . 23 Ti0 2 , Na 2 Ti0 19 , 
Na 4 Ti 3 0 8 , Na 4 Ti 3 0 8 , Na 4 TiQ 4 , Na 8 Ti 5 0 14 , Y -Na 2 Ti0 3 , p-Na 2 TiQ 3 , 
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NaTi0 2 and Na 0>46 TiO 2 . Of these, Na 2 Ti0 3 and Na 2 Ti 3 0 7 are 
preferred. 

Composite oxides between Na and Si include Na 4 Si0 4 , p- 
Na 2 Si 2 0 5 , Na 2 Si 2 0 5 , Na 2 Si 4 0 9 , Y- Na 2 Si 2 0 5 ^ Na 6 Si 2 0 7 , a-Na 2 Si 2 0 5 , 5- 
5 Na 2 Si 2 0 5 , Na 2 Si 3 0 7 , a-Na 2 Si 2 0 5 , Na 6 Si 8 0 19 , Na 2 Si 3 0 7 , a-Na 2 Si 2 0 5 , 
Na 2 Si0 3 , Na 4 Si0 4 , Na 2 Si0 3 , Na 4 Si0 4 , a-Na 2 Si 2 0 5 , Na 2 Si 2 0 5 and 
Na 2 Si 4 O g . Composite oxides between Na and Zr include NaZr0 3 , 
a-NaZr0 3 and Na 2 Zr0 3 . Composite oxides between Na, Zr and 
Si include Na 2 ZrSi0 5/ Na 2 Zr 2 Si 10 O 31 , Na 14 Zr 2 Si 4 O ai , Na 2 ZrSi 4 0 11 
10 and Na 14 Zr 2 Si 10 O 31 . 

Composite oxides between Na, Ti and Si include 
Na 2 TiSi 2 0 7 , NaTiSi 2 0 6 and Na 2 TiSi0 5 . 

The structure of the above composite oxides can be 
confirmed by powder X-ray dif f ractometry . To get said 
15 composite oxides, heat treatment at 600 °C or more is 
preferred. The preferred baking temperature is 7 00 °C. 

The catalyst according to the present invention has a 
three-way component catalyst function in the reduction 
atmosphere. To increase this function, it is preferred to 
20 add to the catalyst of this invention the component which 
has an oxygen storage function. The material having an 
oxygen storage function includes cerium (Ce). 

To increase the heat resistance of exhaust gas 
cleaning catalyst, it is preferred to add such rare-earth 
25 metals as La and Y in addition to Ce. 

The following shows the particularly preferred 
percentages of the catalyst of the present invention 



16 

relative to 100 parts by weight of said porous carrier: 

8 relative to 100 parts by weight of said porous 
carrier: 

8 to 15 pts. wt. for alkaline metal or alkaline earth 
metal in total, 

4 to 15 pts. wt. for Ti, 

5 to 10 pts. wt. for Si, 
5 to 10 pts. wt. for Zr, 
0.10 to 0.2 0 pts. wt. for Rh, 
1.0 to 3.0 pts. wt. for Pt, 
0.25 to 0.8 pts. wt. for Pd, and 

10 to 3 0 pts. wt. for rare-earth metal. 

Catalyst of the present invention can be used in a 
great variety of forms. For example, it can be used in 
the form of honeycomb which is obtained by coating with 
powdered catalyst carrying various components the honeycomb 
structure comprising various materials such as cordierite 
and stainless. Furthermore, it can be used in the form of 
pellets, granules and powder. The form of honeycomb is 
preferred when it is placed in the exhaust gas flow path of 
a car. 

Catalyst can be prepared by physical preparation 
methods including impregnation method, kneading method, 
coprecipitation method, sol-gel method, ion exchange method 
and vapor deposition method, as well as by methods based on 
chemical reaction. 
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If the CO adsorbent and NOx capturing agent are placed 
close to each other, the reaction of removing the captured 
SOx in equations (5) to (8) is likely to progress. In the 
case of catalyst preparation by impregnation method, 
5 therefore, it is preferred to use the mixed solution of CO 
adsorbent and NOx capturing agent and to provide 
simultaneous impregnation of CO adsorbent and NOx capturing 
agent on the carrier. 

Nitrate compound, acetic acid compound, complex 
10 compound, hydroxide, carbonic acid compound, organic 

compound, dinotrodiamine complex and other various types of 
compounds, as well as metal and metal oxide can be used as 
starting materials for NOx removing catalyst. 

When Pd is used as CO adsorbent, dinotrodiamine Pb 
15 solution is preferred. Use of dinotrodiamine Pb solution 
increases the proximity effect with NOx capturing agent. 
This leads to resultant removal of captured SOx from the 
NOx capturing agent by reduction. 

In said methods, alumina, titanium, silica, silica- 
20 alumina, magnesia and such related metal oxides as well as 
composite oxides can be used as as a porous carrier. Since 
it is heat resistant, alumina is most preferred. 

BRIEF DESCRIPTION OF DRAWING 
25 Figure 1 shows the relationship between the CO 

desorption capacity and temperature for catalyst 1 
(embodiment) and catalyst 1 (comparative example). 
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Figure 2 is a schematic diagram representing the 
engine system installed on the exhaust gas cleaning device 
according to the present invention. 



5 DESCRIPTION OF PREFERRED EMBODIMENTS 

Figure 2 shows an example of the engine system 
equipped with exhaust gas cleaning device. The engine 99 
of the present embodiment is designed as a cylinder 
internal jet type. Said engine is supplied with air fed 

10 through air cleaner 1 and fuel jetted from the injector 5 
fed from the fuel tank 13. Air flow path is provided with 
an air flow sensor 2 and throttle valve 3, and the fuel 
flow path is equipped with a fuel pump 12. An exhaust gas 
cleaning catalyst 18 corresponding to the exhaust gas 

15 cleaning device of the present invention is placed in the 
exhaust gas flow path. An air-fuel ratio sensor 19 and 
exhaust gas temperature sensor 21 are installed on the 
upstream side of the exhaust gas cleaning catalyst 18. A 
temperature sensor 22 to measure the catalyst outlet 

20 temperature is mounted on the downstream side. Various 
pieces of information required for engine operations are 
fed to the engine control unit 25. In the present 
embodiment, the signals from the air flow sensor 2, 
throttle valve 3, load sensor 8 to measure the ratio of 

25 depressing the acceleration pedal 7 , air-fuel ratio sensor 
19, temperature sensors 21 and 22, water temperature sensor 
2 8 to measure the engine water temperature and crank angle 
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sensor are sent to the engine control unit 25. Numeral 9 
in Figure 2 denotes a piston, and 26 shows a knock sensor. 
The injector 5 and firing plug 6 are controlled by signals 
from the engine control unit 25. 
5 The engine control unit 25 has an operation state 

determining means and an air-fuel ratio (A/F) controller. 
Said operation state determining means has a captured NOx 
volume estimating means, a discharged NOx volume estimating 
means, a captured SOx volume estimating means, and a 

10 discharged SOx volume estimating means. Captured NOx 

volume at the air-fuel ratio higher than theoretical ratio 
is estimated by the captured NOx volume estimating means, 
and captured SOx volume is estimated by captured SOx volume 
estimating means. When said captured NOx volume estimating 

15 means or captured SOx volume estimating means has 

determined that the predetermined level of captured NOx 
volume or captured SOx volume has been exceeded, then the 
discharged NOx volume estimating means and discharged SOx 
volume estimating means send a command to the A/F 

20 controller. In response to this command, the engine 

control unit 25 causes the cylinder internal injection 
engine 99 to be operated at the air-fuel ratio equal to or 
below the theoretical air-fuel ratio. 

When the discharged NOx volume estimating means has 

25 determined that the predetermined level of captured NOx 

volume is removed, and the discharged SOx volume estimating 
means has determined that the predetermined level of 
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captured SOx volume is removed, then a command is sent to 
the A/F controller. In response to this command, the engine 
control unit 25 causes the cylinder internal injection 
engine 99 to be operated at the air-fuel ratio above the 
5 theoretical air-fuel ratio. 

Said predetermined volume is an arbitrarily set volume, 
e.g. 50% of the maximum captured NOx volume is set as a 
predetermined captured NOx volume. 

Captured NOx and SOx volumes are estimated according 
10 to the information sent from air-fuel ratio sensor (or 
oxygen sensor) 19, temperature sensors 21 and air flow 
sensor 2. 

An equation to calculate the adsorbed Nox volume is 
stored in the captured NOx estimating means in advance, 
15 based on the Nox volume in exhaust gas, exhaust gas 
temperature and lean operation time. 

The NOx volume in exhaust gas is calculated from the 
air-fuel ratio of the exhaust gas obtained from air-fuel 
ratio sensor (or oxygen sensor) 19 and exhaust gas flow 
20 rate gained from air flow sensor 2. 

Exhaust gas temperature is gained from the exhaust gas 
temperature sensor 21. 

The lean operation time is obtained by time 
measurement of the air-fuel ratio of the exhaust gas 
25 obtained from air-fuel ratio sensor (or oxygen sensor) 19. 

Similarly, an equation to calculate the captured SOx 
volume is stored in the captured SOx estimating means in 
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advance, based on the SOx volume in exhaust gas, exhaust 
gas temperature and lean operation time. 

It should be noted here that the S volume in the 
commercially available fuel has an allowable range. To be 
5 on the safe side, therefore, the maximum value within the 
allowable range is stored in the captured SOx estimating 
means as the S volume in the fuel in advance. 

Consequently, SOx concentration in the exhaust gas can 
be calculated from the volume of fuel used in the cylinder 
10 internal injection engine 99 and exhaust gas flow rate. 
Fuel volume can be calculated from the air-fuel ratio 
obtained from the air-fuel ratio sensor (or oxygen sensor) 
19. The exhaust gas flow rate is gained air flow sensor 2. 
The discharged volumes of captured NOx and SOx can be 
15 estimated by storing an equation for calculation from the 
air-fuel ratio of exhaust gas, exhaust gas flow rate and 
exhaust gas temperature into the discharged NOx volume 
estimating means and discharged SOx volume estimating means 
in advance. 

20 The following describes the preferred embodiments of 

the present invention; however, it should not be understood 
that the present invention is limited only to the following 
Description. 

(Embodiment 1) 

25 Slurry consisting of precursors of powdered alumina 

and alumina and having been adjusted to have nitric acidity 
was coated on cordierite-made honeycomb (400 cells inc 2 ), 
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and was dried and baked to get alumina coated honeycomb, 
in this case, said honeycomb was coated with 190g of 
alumina per liter of apparent honeycomb capacity. After 
said alumina coated honeycomb was impregnated with aqueous 
5 solution of nitrate and cerium, it was dried at 200 °C, 
then baked at 600 °C. 

Then it was impregnated with dinitro diamine Pt nitric 
acid solution, and mixture solution of Rh nitrate, dinitro 
diamine Pd, Sr nitrate, Mg nitrate and titania sol, and was 

10 dried at 200 °C, then baked at 700 °C. 

Then the present inventors obtained catalyst 1 
(Embodiment) containing 0.26g of Pd, llg of Sr, 4g or Ti, 
0.9g of Mg, O.llg of Rh, 1.4g of Pt, and 14g of Ce for lOOg 
of alumina in terms of metals. Pd was used as CO adsorbent 

15 in catalyst 1 (Embodiment). The present inventors got 

catalysts 2 to 5 (Embodiments) carrying Co, Ni, Ir and Ru 
instead of Pd, and catalyst 1 (Comparative Examples) 
without carrying Pd. It should be noted that the first and 
second components in Table indicate the order of carrying. 

20 The first component is carried earlier. The carried volume 
with respect to lOOg of alumina is described before the 
carrier components. For example, "14Ce" indicates that 14g 
of Ce is carried with respect to lOOg of alumina in terms 
of metals . 
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Table 1 



5 



10 



Catalyst 


1st 
component 


2nd component 


Catalyst 1 ( Embodiment ) 


14Ce 


0.26Pd, llSr, 4Ti, 0.9Mg, 
O.llRh, 1.4Pt 


Catalyst 2 (Embodiment) 


14Ce 


0.52Co, llSr, 4Ti, 0.9Mg, 
O.llRh, 1.4Pt 


Catalyst 3 (Embodiment) 


14Ce 


0.52M, llSr, 4Ti, 0.9Mg, 
O.llRh, 1.4Pt 


Catalyst 4 (Embodiment) 


14Ce 


0.26lr, llSr, 4Ti, 0.9Mg, 
O.llRh, 1.4Pt 


Catalyst 5 (Embodiment) 


14Ce 


0.26RU, llSr, 4Ti, 0.9Mg, 
O.llRh, 1.4Pt 


Catalyst 6 (Embodiment) 


14Ce 


0.26Ag, llSr, 4Ti, 0.9Mg, 
O.llRh, 1.4Pt 


Catalyst 1 

(Comparative Example) 


14Ce 


llSr, 4Ti, 0.9Mg, O.llRh, 
1.4Pt 



(Test example 1) 

To study resistance to SOx poisoning in catalysts 1 to 
6 (Embodiments) and catalyst 1 (Comparative Example), the 

15 present inventors examined the NOx removing rate before and 
after SOx poisoning, and investigated recovery of catalyst 
performances by catalyst regeneration • Gases used for test 
was model gas for oxidation atmosphere simulating the lean- 
burn exhaust gas, model gas for reduction atmosphere 

20 simulating combustion at the theoretical air-fuel ratio and 
SOx poisoning model gas for SOx poisoning in oxidation 
atmosphere. It should be noted that SOx concentration in 
said SOx poisoning model gas was set to 150ppm in order to 
accelerate catalyst SOx poisoning. 

25 Model gas for oxidation atmosphere was composed of the 

following; 600ppm of NOx, 500ppm of C 3 H 6 , 0.1% of CO, 10% 
of C0 2 , 5% of 0 2 , 10% of H 2 0, and the remaining percentage 
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of N 2 . 

Model gas for reduction atmosphere was composed of the 
following; lOOOppm of NOx, 600ppm of C 3 H 6 , 0.5% of CO f 5% 
of C0 2 , 0,5% of 0 2 , 0.3% of H 2 , 10% of H 2 0, and the 
remaining percentage of N 2 . 

Accelerated SOx poisoning model gas was composed of 
the following; 150ppm of S0 2/ 600ppm of NOx, 500ppm of C 3 H 6 , 
0.1% of CO, 10% of C0 2/ 5% of 0 2 , 10% of H 2 0, and the 
remaining percentage of N 2 . 

Test was according to the following procedures: 
Firstly, model gas for reduction atmosphere and model 
gas for oxidation atmospheres were subjected to the test in 
that order where they were alternately fed to the catalyst 
layer at intervals of three minutes (hereinafter referred 
to as "repeated test") for a total of 18 minutes, and the 
NOx removing rate was measured. In this case, catalyst 
capacity was 6cc, and SV was 30,000/h. 

Then said accelerated SOx poisoned model gas was 
passed through the catalyst layer; then model gas for 
reduction atmosphere and model gas for oxidation 
atmospheres were alternately fed to the catalyst layer at 
intervals of three minutes for a total of 18 minutes, and 
the NOx removing rate was measured after being poisoned by 
SOx. In this case, poisoning temperature was 300 °C and 
poisoning time was one hour, with SV of 30,000/h. 

Lastly, said model gas for reduction atmosphere was 
passed through the catalyst layer under the 30,000/h SV 
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conditions at 500 °C for ten minutes (hereinafter referred 
to as "regeneration"); then model gas for reduction 
atmosphere and model gas for oxidation atmospheres were 
alternately fed through the catalyst layer at intervals of 
5 three minutes for a total of 18 minutes, and the NOx 
removing rate was measured. 

Unless otherwise specified hereinafter, repeated tests 
were conducted at the temperature of 400 °C with SV of 
30,000/h. Furthermore, NOx removing rate was assumed as 

10 the rate of reduction in NOx concentration before and after 
gas was passed through the catalyst layer after the lapse 
of ten minutes halfway through the repeated test, namely 
one minute after switching over to model gas for oxidation 
atmosphere. NOx removing rate was obtained from Equation 1. 

15 NOx removing rate = 

/(NOx concentration before passing \ / NOx concentration after passing 

^through the catalyst layer J ^through the catalyst layer 

(NOx concentration before passing through the catalyst layer) 

x 100 (Equation 1) 

(Test result) 

20 Table 2 shows the results of measuring the NOx 

removing rates before and after SOx poisoning treatment and 
NOx removing rate after regeneration. Recover of the NOx 
removing rate by regeneration was observed in catalyst 1 
(Embodiment) where Pd was carried, catalyst 4 (Embodiment) 

25 where Ir was carried and catalyst 5 (Embodiment) where Ru 
was carried. However, no recover of the NOx removing rate 
by regeneration was observed in catalyst 1 (Comparative 
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Example), catalyst 2 (Embodiment) and catalyst 3 
(Embodiment). This clearly indicates that recovery of NOx 
removing performances by regeneration can be promoted when 
Pd, Ir and Ru are carried. 
5 Table 3 shows the absolute values (AH) of CO adsorbent 

enthalpy on the metal single crystal (111) surface in the 
descending order (Source: Basic Course in Chemical Handbook 
by The Chemical Society of Japan, revised version, 1993) 
for each CO adsorbent and recovery or non-recovery of NOx 
10 removing rate by regeneration. For the metals (Ru, Ir and 
Pd) with AH of 140 kJ/mol or more, recovery of the NOx 
removing rate was observed. 

Table 2 



15 



20 



25 



Catalyst 


Initial NOx 
removing rate 
(%) 


NOx removing 
rate (%) 
after SOx 
poisoning 


NOx removing 
rate (%) 
after 
regeneration 


Catalyst 1 
( Embodiment ) 


80 


47 


49 


Catalyst 2 
( Embodiment ) 


70 


44 


44 


Catalyst 3 
( Embodiment ) 


76 


42 


42 


Catalyst 4 
(Embodiment) 


78 


43 


45 


Catalyst 5 


76 


45 


48 




Table 3 




Catalyst 


CO adsorbent 
(PM) 


CO adsorbent 
enthalpy 
(kJ/mol-PM) 


Recovery /non- 
recovery of 
NOx 


Catalyst 1 
(Embodiment) 


Pd 


142 


Recovered 


Catalyst 2 
(Embodiment) 


Co 


128 


Not recovered 


Catalyst 3 
( Embodiment ) 


Ni 


125 


Not recovered 


Catalyst 4 
( Embodiment) 


Ir 


142 


Recovered 


Catalyst 5 
( Embodiment ) 


Ru 


160 


Recovered 
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(Test example 2) 

A power X-ray dif f ractometry was used to measure the 
structure of Sr in catalyst 1 (Embodiments 1 to 6). SrTi0 3 
5 as a composite oxide of Sr and Ti was formed in any one of 
Embodiments 1 to 6. 
(Test example 3) 

Catalyst 1 (Embodiment) and catalyst 1 (Comparative 
Example) were used to measure how CO desorption temperature 
10 rose. 

(Test procedure) 

A reaction tube was filled with lg of powdered 
catalyst , and temperature was raised to 400 °C in the flow 
of He gas. Temperature was held at 400 °C / and the tube 

15 was passed through the 3% CO-He gas for 30 minutes. Then 
temperature was raised again to 450 °C in the flow of He 
gas. Temperature was held at 450 °C in the flow of He gas 
for 30 minutes , then it was reduced to 100 °C. After it 
was confirmed by TCD (thermal conductivity detector) gas 

20 chromatography that absorbed CO volume reached the 

saturation point, temperature was raised to 450 °C at the 
rate of 5 °C per minute in the flow of He gas. To detect 
CO desorbed from the catalyst, a TCD gas chromatograph was 
connected to the reaction tube outlet. 

25 (Test result) 

Figure 1 shows the test result. TCD gas chromatography 
uses the TCD to measure the thermal conductivity of gas. 
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In the flow of He gas, the thermal conductivity of gas 
detected by the TCD increases in proportion to CO 
temperature in the gas . So desorption of CO from the 
catalyst due to temperature rise causes CO concentration in 
5 the gas to be increased. This results in an increase in 
the thermal conductivity of gas detected by the TCD . CO 
desorption intensity shown in Table 1 indicates a relative 
intensity of the thermal conductivity of gas detected by 
the TCD. For catalyst 1 (Embodiment), the adsorbed CO 

10 volume reaches the maximum level at 220 °C. For catalyst 1 
(Comparative Example), however, the adsorbed CO volume 
reaches the maximum level at 175 °C. To recover the NOx 
removing performance by regeneration, therefore, it is 
necessary to use CO adsorbent which has a CO adsorption 

15 power to ensure that the adsorbed CO volume reaches the 
maximum level at about 200 °C. 
(Test example 4) 

Model gas for reduction atmosphere was made to pass 
through catalyst 1 (Embodiment) at the temperature ranging 
20 250 to 500 °C to measure the NOx removing rate and 
hydrocarbon removing rate. 

NOx removing rate was assumed as the rate of reduction 
in NOx concentration before and after gas was passed 
through the catalyst layer one minute after switching over 
25 to model gas for oxidation atmosphere. 

Hydrocarbon removing rate was assumed as the rate of 
reduction in hydrocarbon concentration before and after 
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gas was passed through the catalyst layer one minute after 
switching over to model gas for oxidation atmosphere. 

The result of measurement indicates that NOx removing 
rate reached almost 100% level at the temperature ranging 
5 from 250 to 500 °C. The hydrocarbon removing rate was 80% 
or more at 300 °C or more, arriving at almost 100% at 
400 °C or more. 

(Embodiment 2) 

For catalyst 1 (Embodiment), the carried Pd volume was 
10 changed with respect to lOOg of carrier at the rate of 0.2G 
to 3.5g to study the resistance to SOx poisoning according 
to the test example 1 of Embodiment 1. The rise of CO 
desorption temperature was also measures according to Test 
example 3 . 

15 Table 4 shows the result. The range of the carried Pd 

volume where NOx removing performances by regeneration was 
recovered was 0.25 to 3.0g with respect to lOOg of carrier. 
Within said range, the temperature where the desorbed CO 
volume reaches the maximum level was 200 to 220 °C. When 

20 the carried Pd volume is 0.85g or more, there is no 

improvement in the recovery of NOx removing performances by 
regeneration even if the carried volume is increased. 
Consequently, to keep the volume of Pb used to the 
necessary minimum, the range of the carried Pd volume is 

25 preferred to be 0.25 to 0.8g with respect to lOOg of 
carrier. 
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Table 4 



Added Pd 
volume with 
respect to 

100 g of 
carrier (g) 


Initial NOx 
removing 
rate (%) 


NOx removing 
rate (%) 
after SOx 
poisoning 


NOx removing 
ra i-e \ % ) 
after 
regeneration 


Temperature 

where 
des orbed CO 

volume 
reaches the 

maximum 
level ( °C) 


0.20 


78 


46 


46 


175 


0.25 


80 


47 


49 


200 


0.80 


95 


50 


55 


220 


0.85 


85 


45 


48 


200 


3.0 


80 


45 


58 


200 


3.5 


78 


45 


45 


175 



(Embodiment 3) 

Catalysts 1 to 7 (Embodiments) carrying Si and Zr were 
prepared according to catalyst 1 (Embodiment), Table 5 
shows catalyst compositions. 

The inventors of the present invention examined 
resistance to SOx poisoning according to Test Example 1 of 
Embodiment 1 • 

(Test result) 

Table 6 shows the rest result. Any one of catalysts 
(Embodiments 7 to 17) exhibited recovery of NOx removing 
performance by regeneration. Especially catalysts 
(Embodiments 15 to 17) including Zr and Ti made a 
remarkable recovery of NOx removing performance by 
regeneration . 
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Table 5 



5 



10 



fafa 1 wet 


1st component 


2nd component 


3rd component 


Catalyst 7 


14Ce, 6Zr, 
6Ti , 6Si 


0.26Pd, llSr, 4Ti, 
0.9Mg, O.llRh, 1.4Pt 


Wot included 


Catalyst 8 

{ £ilui30UJ.llleIl L. ^ 


14Ce, 6Si 


0.26Pd, llSr, 4Ti, 
0.9Mg, O.llRh, 1.4Pt 


Wot included 


Catalyst 9 

/ T? r« lr^ ^1 1 tm a n 4" \ 
\ CiHHJOQ-LIU VII L» J 


14Ce, 6Zr 


0.26Pd, llSr, 4Ti, 
0.9Mg, O.llRh, 1.4Pt 


Not included 


Catalyst 10 

/ 1? m V"\ i m +■ \ 

\ CiuiDOUinienL / 


14Ce f 6Ti 


0.26Pd, llSr, 4Ti, 
0 9Ma . O.llRh, 1 . 4Pt 


Not included 


Catalyst 11 
{ Embodiment ) 


14Ce, 6Zr, 
6Ti 


0.26Pd, llSr, 4Ti, 
0.9Mg f O.llRh, 1.4Pt 


Not included 


Catalyst 12 
( Embodiment) 


14Ce 


0.26Pd, llSr, 4Ti, 
0.9Mg, O.llRh, 1 . 4Pt 


4Ti 


Catalyst 13 
(Embodiment) 


14Ce, 6Zr 


0.26Pd, llSr, 4Ti, 
0.9Mg, O.llRh, 1 . 4Pt 


4Ti 


Catalyst 14 
( Embodiment ) 


14Ce, 6Ti 


0.26Pd, llSr, 4Ti, 
0.9Mg, O.llRh, 1.4Pt 


4Ti 


Catalyst 15 
( Embodiment ) 


14Ce, 6Zr, 
6Ti 


0.26Pd, llSr, 4Ti, 
0.9Mg, O.llRh, 1.4Pt 


4Ti 


Catalyst 16 
(Embodiment) 


14Ce, 6Zr, 
6Ti 


0.75Pd, llSr, 4Ti, 
0.9Mg, O.llRh, 1 . 4Pt 


4Ti 


Catalyst 17 
( Embodiment ) 


14Ce, 6Zr, 
6Ti, 6Si 


0.75Pd, llSr, 4Ti, 
0.9Mg, O.llRh, 1.4Pt 


4Ti 



Table 6 
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Catalyst 


Initial NOx 
removing rate 
(%) 


NOx removing rate ( % ) 
after SOx poisoning 


NOx removing 
rate (%) 
after 
regeneration 


Catalyst 7 
(Embodiment) 


71 


45 


49 


Catalyst 8 
(Embodiment) 


72 


42 


44 


Catalyst 9 
(Embodiment) 


80 


43 


47 


Catalyst 10 
(Embodiment) 


78 


44 


46 


Catalyst 11 
( Embodiment ) 


80 


41 


45 


Catalyst 12 
( Embodiment ) 


80 


54 


56 


Catalyst 13 
( Embodiment ) 


76 


52 


56 


Catalyst 14 
(Embodiment) 


69 


40 


42 


Catalyst 15 
(Embodiment) 


63 


41 


50 


Catalyst 16 
(Embodiment) 


61 


40 


48 




ent 4<J5 


41 


49 
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The carried Ti volume in catalyst 1 (Embodiment) was 
changed with respect to lOOg of carrier at the rate of 2 to 
40g to study the resistance to SOx poisoning according to 
the test example 1 of Embodiment 1. Table 7 shows the 
5 result of this study- When the carried Ti volume is 2g or 
less, there was no recover of the NOx removing rate by 
regeneration. Initial NOx removing rate was reduced by 
increase of the carried Ti volume. To maintain the initial 
NOx removing rate at 60% or more, carried Ti volume of 3 to 
10 15g gives good results. Furthermore, to keep the initial 

NOx removing rate at 50% or more, good results are provided 
by carried Ti volume of 3 to 35g. 



Table 7 



15 



Carried Si 
volume with 

respect to 

lOOg of 
carrier (g) 


Initial NOx 
removing rate 
(%) 


NOx removing rate ( % ) 
after SOx poisoning 


NOx removing 
rate {%) 
after 
regeneration 


2 


82 


42 


42 


3 


80 


46 


48 


4 


80 


47 


49 


15 


68 


40 


43 


18 


58 


37 


40 


35 


50 


30 


33 


40 


42 


23 


26 



20 

( Embodiment 5 ) 

The carried Si volume in catalyst 8 (Embodiment) was 
changed with respect to lOOg of carrier at the rate of 2 to 
30g to study the resistance to SOx poisoning according to 
25 the test example 1 of Embodiment 1. Table 8 shows the 

result of this study. When the carried Si volume is 2g or 
less, there was no recover of the NOx removing rate by 
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regeneration. Initial NOx removing rate was reduced by 
increase of the carried Si volume* To maintain the initial 
NOx removing rate at 60% or more, carried Si volume of 3 to 
lOg gives good results. Furthermore, to keep the initial 
5 NOx removing rate at 50% or more, good results are provided 
by carried Ti volume of 3 to 25g. 

Table 8 



10 



Carried Si 
volume with 

respect to 

lOOg of 
carrier (g) 


Initial NOx 
removing rate 

(%) 


NOx removing rate (%) 
after SOx poisoning 


NOx removing 
rate (%) 
after 
regeneration 


2 


82 


42 


42 


3 


80 


46 


48 


6 


72 


42 


44 


10 


63 


38 


41 


15 


56 


34 


36 


25 


50 


31 


33 


30 


38 


25 


26 



15 (Embodiment 6) 

The carried Zr volume in catalyst 15 (Embodiment) was 
changed with respect to lOOg of carrier at the rate of 2 to 
30g to study the resistance to SOx poisoning according to 
the test example 1 of Embodiment 1. Table 9 shows the 

20 result of this study. When the carried Zr volume is 2g or 
less, there was no recover of the NOx removing rate by 
regeneration. Initial NOx removing rate was reduced by 
increase of the carried Zr volume. To maintain the initial 
NOx removing rate at 60% or more, carried Zr volume of 3 to 

25 lOg gives good results. Furthermore, to keep the initial 

NOx removing rate at 50% or more, good results are provided 
by carried Zr volume of 3 to 25g. 
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Table 9 



Carried Zr 
volume with 

respect to 

lOOg of 
carrier (g) 


Initial NOx 
removing rate 

(%) 


In x j_ eniov-Liiy xet uts v ° / 

after SOx poisoning 


NOx removing 
rate { % ) 
after 
regeneration 


2 


82 


42 


42 


3 


72 


45 


48 


6 


63 


41 


50 


10 


60 


38 


43 


15 


57 


34 


38 


25 


50 


31 


35 


30 


36 


25 
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(Embodiment 7) 

Catalysts 18 and 19 (Embodiments) were prepared 
according to the Embodiment 1. Table 10 shows the 
compositions and their percentage of catalysts 18 and 19 
(Embodiments)* The inventors of the present invention also 
examined resistance of catalysts 18 and 19 (Embodiments) to 
SOx according to the test example 1. The result is given 
in Table 11. Catalysts 18 and 19 (Embodiments) exhibited 
recovery of NOx removing performance. 

[Table 10] 



Table 10 



Catalyst 


1st component 


2nd component 


3rd component 


Catalyst 18 
( Embodiment ) 


14Ce 


0.07Rh, l.SPt 


lONa, 2Ti, 
0.9Mg, 0.75Pd 


Catalyst 19 
(Embodiment) 


27Ce 


0.07Rh, l.SPt, 
0.23Pd 


lONa, 2Ti, 0 . 9Mg 


Table 11 


Catalyst 


Initial NOx 
removing rate 
(%) 


NOx removing 
rate (%) after 
SOx poisoning 


NOx removing 
rate (%) after 
regeneration 


Catalyst 18 
( Embodiment ) 


90 


68 


70 


Catalyst 19 
(Embodiment) 


90 


50 


52 
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As decribed above the exhaust gas cleaning method, 
exhaust gas cleaning catalyst and exhaust gas cleaning 
device according to the present invention have made it 
possible to improve NOx removing performances while 
maintaining resistance against SOx poisoning in the 
oxidation atmosphere. 



36 



WHAT IS CLAIMED IS: 



1. An exhaust gas cleaning method for internal 
combustion engine wherein exhaust gas having an air-fuel 
5 ratio higher than theoretical air-fuel and exhaust gas 
having an air-fuel ratio equal to or smaller than 
theoretical air-fuel ratio are alternately made to contact 
a catalyst to clean the exhaust gas discharged from the 
internal engine, thereby removing nitrogen oxides in 
10 exhaust gas; 

said catalyst contains at least one type selected from 
alkaline metal and alkaline earth metal, Rh, Pt, and CO 
adsorbent component where the absolute value (AH) of CO 
adsorbent enthalpy on the metal single crystal (111) 
15 surface is 142 KJ/mol or more; 

said exhaust gas cleaning method further characterized 
in that the CO desorption temperature reaches the maximum 
level within the temperature range from 200 to 220 °C in 
the event of temperature rise in He gas flow at the rate of 
20 5 to 10 °C/min. after adsorption of CO to said catalyst by 
saturation at 100 °C. 



2. An exhaust gas cleaning method for internal 
combustion engine according to Claim 1 characterized in 
25 that said CO adsorbent compound comprises at least one type 
selected from Pd, Ir and Ru. 
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3. An exhaust gas cleaning method for internal 
combustion engine characterized in that said catalyst 
contains at least one type selected from Ti, Si and Zr, and 
includes a composite oxide comprising said type(s) and at 
least one type selected from Na, Mg, K, Li, Cs, Sr and Ca. 

4. An exhaust gas cleaning method for internal 
combustion engine according to Claim 1 wherein said 
catalyst further contains Ce. 

5. An exhaust gas cleaning method for internal 
combustion engine wherein 

(1) an exhaust gas cleaning catalyst is placed in the 
exhaust gas flow path of the internal combustion engine, 
said catalyst capturing NOx when the air-fuel ratio of 
exhaust gas is higher than theoretical air-fuel ratio, and 
removing said captured NOx by reduction when the air-fuel 
ratio of exhaust gas is equal to or smaller than 
theoretical air-fuel ratio, and 

(2) exhaust gas having an air-fuel ratio higher than 
theoretical air-fuel and exhaust gas having an air-fuel 
ratio equal to or smaller than theoretical air-fuel ratio 
are alternately made to contact said catalyst, thereby 
removing nitrogen oxides in exhaust gas; 

said exhaust gas cleaning method for internal 
combustion engine being characterized in that said catalyst 
contains at least one type of alkaline metal or alkaline 
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earth metal selected from Na, Mg, K, Li, Cs, Sr and Ca on 
the surface of a porous carrier, Rh, Pt, at least one type 
selected from Zr and Ti and Si, and at least one type 
selected from Pd, Ir nd Ru; 
5 wherein the ratios of components relative to 100 parts 

by weight of said porous carrier are 5 to 30 pts . wt. for 
alkaline metal or alkaline earth metal in total, 8 to 35 
100 pts. wt. for Ti, 3 to 25 pts. wt. for Si, 3 to 25 pts. 
wt. for Zr, 0.05 to 0.5 pts. wt. for Rh, 1.5 to 5 pts. wt. 

10 for Pt, and 0.25 to 3 pts. wt. for Pd, Ir and Ru in total; 

and where the CO desorption temperature reaches the maximum 
level within the temperature range from 2 00 to 220 °C in 
the event of temperature rise in He gas flow at the rate of 
5 to 10 °C/min. after adsorption of CO to said catalyst by 

15 saturation at 100 °C. 

6. An exhaust gas cleaning method for internal 
combustion engine according to Claim 5 wherein said 
catalyst further contains alkaline earth metal, and the 

20 ratio of said alkaline earth metal relative to 100 parts by 
weight of said porous carrier is 5 to 50 pts. wt. 

7. An exhaust gas cleaning catalyst for internal 
combustion engine which comprises at least one type 

25 selected from alkaline metal and alkaline earth metal, Rh, 
Pt and the CO adsorbent component where the absolute value 
(AH) of CO adsorbent enthalpy on the metal single crystal 
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(111) surface is 142 KJ/mol or more, and where the CO 
desorption temperature reaches the maximum level within the 
temperature range from 200 to 220 °C in the event of 
temperature rise in He gas flow at the rate of 5 to 
10 °C/min. after adsorption of CO to said catalyst by 
saturation at 100 °C. 

8. An exhaust gas cleaning catalyst for internal 
combustion engine according to Claim 7 wherein said CO 
adsorbent compound comprises at least one type selected 
from Pd, Ir and Ru. 

9. An exhaust gas cleaning catalyst for internal 
combustion engine according to Claim 7 wherein said 
alkaline metal or alkaline earth metal comprises at least 
one type selected from Na, Mg, K, Li, Cs, Sr and Ca, and 
contains a composite oxide comprising said element (s) and 
at least one type selected from Zr and Ti and Si. 

10. An exhaust gas cleaning catalyst for internal 
combustion engine according to Claim 7 which further 
contains Ce. 

11. An exhaust gas cleaning catalyst for internal 
combustion engine which has on the surface of a porous 
carrier at least one type selected from alkaline metal and 
alkaline earth metal, Rh, Pt, at least one type selected 
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from Ti, Si and Zr, and at least one type selected from Rh, 
Pt and Ru; 

wherein said alkaline metal or alkaline earth metal 
comprises at least one type selected from Na, Mg, K, Li, Cs, 
5 Sr and Ca; 

the ratios of components relative to 100 parts by 
weight of said porous carrier are 5 to 30 pts . wt. for 
alkaline metal or alkaline earth metal in total, 8 to 35 
100 pts. wt. for Ti, 3 to 25 pts. wt. for Si, 3 to 25 pts. 
10 wt. for Zr, 0.05 to 0.5 pts. wt. for Rh, 1.5 to 5 pts. wt. 
for Pt, and 0.25 to 3 pts. wt. for at least one type 
selected from Pd, Ir and Ru in total; 

said exhaust gas cleaning catalyst further 
characterized in that the maximum CO desorption temperature 
15 reaches 200 to 220 °C in the event of temperature rise in 

He gas flow at the rate of 5 to 10 °C/min. after adsorption 
of CO to said catalyst by saturation at 100 °C. 

12. An exhaust gas cleaning catalyst for internal 
20 combustion engine according to Claim 11, characterized in 
that said catalyst further contains rare earth metal, and 
the ratio of said rare earth metal relative to 100 parts by 
weight of said porous carrier is 5 to 50 100 pts. wt. 

25 13. An exhaust gas cleaning device for internal 

combustion engine characterized in that an exhaust gas 
cleaning catalyst is arranged in the exhaust gas flow path 
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of said internal combustion engine where there is a flow of 
exhaust gas having an air-fuel ratio higher than 
theoretical air-fuel ratio and exhaust gas having an air- 
fuel ratio equal to or smaller than theoretical air-fuel 
ratio; 

said exhaust gas cleaning device further characterized 
in that said exhaust gas cleaning catalyst contains at 
least one type selected from alkaline metal and alkaline 
earth metal, Rh, Pt, and CO adsorbent component 

where the absolute value (AH) of CO adsorbent enthalpy 
on the metal single crystal (111) surface is 142 KJ/mol or 
more, and where the CO desorption temperature reaches the 
maximum level within the temperature range from 200 to 
220 °C in the event of temperature rise in He gas flow at 
the rate of 5 to 10 °C/min. after adsorption of CO to said 
catalyst by saturation at 100 °C. 

14* An exhaust gas cleaning device for internal 
combustion engine according to Claim 13 wherein said CO 
adsorbent component comprises at least one type selected 
from Pd, Ir and Ru. 

15. An exhaust gas cleaning device for internal 
combustion engine according to Claim 13 wherein said 
alkaline metal or alkaline earth metal comprises at least 
one type selected from Na, Mg f K, Li, Cs, Sr and Ca, and 
contains a composite oxide comprising said element (s) and 
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at least one type selected from Zr and Ti and Si. 

16. An exhaust gas cleaning device for internal 
combustion engine according to Claim 13 wherein said 
catalyst further contains Ce. 

17. An exhaust gas cleaning device for internal 
combustion engine characterized in that an exhaust gas 
cleaning catalyst is arranged in the exhaust gas flow path 
of said internal combustion engine where there is an 
alternate flow of exhaust gas having an air-fuel ratio 
higher than theoretical air-fuel ratio and exhaust gas 
having an air-fuel ratio equal to or smaller than 
theoretical air-fuel ratio; 

wherein said catalyst further contains on the surface 
of a porous carrier at least one type selected from 
alkaline metal and alkaline earth metal, Rh, Pt, at least 
one type selected from Ti, Si and Zr, and and at least one 
type selected from Rh, Pt and Ru; 

said exhaust gas cleaning device further characterized 
in that the ratios of components relative to 100 parts by 
weight of said porous carrier are 5 to 30 pts. wt. for 
alkaline metal or alkaline earth metal in total, 8 to 35 
100 pts. wt. for Ti, 3 to 25 pts . wt. for Si, 3 to 25 pts. 
wt. for Zr, 0.05 to 0.5 pts. wt. for Rh, 1.5 to 5 pts. wt. 
for Pt, and 0.25 to 3 pts. wt. for at least one type 
selected from Pd, Ir and Ru in total; and where the CO 
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desorption temperature reaches the maximum level within the 
temperature range from 200 to 220 °C in the event of 
temperature rise in He gas flow at the rate of 5 to 
10 °C/min. after adsorption of CO to said catalyst by 
5 saturation at 100 °C. 

18. An exhaust gas cleaning device for internal 
combustion engine according to Claim 17, characterized in 
that said exhaust gas cleaning catalyst further containing 
10 rare earth metal, and the ratio of said rare earth metal 

relative to 100 parts by weight of said porous carrier is 5 
to 50 pts. wt. (Claim 18). 
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ABSTRACT OF THE DISCLOSURE 

The present invention provides a method, device and 
catalyst to remove nitrogen oxides contained in the exhaust 
gas of lean-burn automobiles at a high efficiency. 

CO adsorbent component is contained in the exhaust gas 
cleaning catalyst which captures NOx when the air-fuel 
ratio of exhaust gas is higher than theoretical air-fuel 
ratio and reduces said captures NOx when the air-fuel ratio 
of exhaust gas is equal to or smaller than theoretical air- 
fuel ratio. Said catalyst is placed in the exhaust gas 
path; said catalyst characterized in that the maximum CO 
desorption temperature reaches 200 to 220 °C when the 
temperature is raised in He gas flow at the rate of 5 to 
10 °C/min after CO has been adsorbed by saturation at 
100 °C; wherein exhaust gas having an air-fuel ratio higher 
than theoretical air-fuel and exhaust gas having an air- 
fuel ratio equal to or smaller than theoretical air-fuel 
ratio are alternately made to flow to said catalyst. 



1 / 2 



FIG.1 




EMBODIMENT 
CATALYST 1 



COMPARATIVE 
EXAMPLE 
CATALYST 1 



100 150 200 250 300 



TEMPERATURE [°C] 




ZIZ 



Attorney Docket No. 



DECLARATION AND POWER OF ATTORNEY - PATENT APPLICATION 

As a below named inventor, I hereby declare that my citizenship, postal address and residence 
are as stated below; that I verily believe I am the original, first and sole inventor (if only 
one inventor is named below) or a joint inventor (if plural inventors are named below) of the 
invention entitled: 

EXHAUST GAS CLEANING METHOD, EXHAUST GAS CLEANING CATALYST AND 
EXHAUST GAS CLEANING DEVICE FOR INTERNAL COMBUSTION ENGINE 

the specification of which 

X is attached hereto, or 

was filed on as Application Serial No. and 

was amended on (if applicable) . 

I hereby state that I have reviewed and under stand the contents of the above- identified 
specification, including the claims, as amended by any amendment referred to above. I 
acknowledge the ducy to disclose all information known to be material to patentability as 
defined in 37 CFR §1.56. I hereby claim foreign priority benefits under Title 35, United 
States Code §119 of any foreign application ( s) for patent or inventor's certificate listed 
below and have also identified below any foreign application for patent or inventor's 
certificate having a filing date before that of the application on which priority is claimed: 

Prior Foreign Application (s) Priority Claimed 

□11-7313 Japan 14/01/1999 Yes 

O (Number) (Country) (Day/Month/Year) 



J: fl" (Number) (Country) (Day/Month/ Year) 

*?£ hereby claim the benefit under Title 35, United States Code, §120 of any United States 
ISpplication(s) listed below and, insofar as the subject matter of each of the claims of this 
Application is not disclosed ±n the prior United States application in the manner provided 
"by the first paragraph of Title 35, United States Code, §112, I acknowledge the duty to 
disclose all information known to be material to patentability as defined in 37 CFR §1.56 
Cwhich became available between, the filing date of the prior application and the national or 
|;BCT international filing date of this application: 



fjApplication Serial No.) (Filing Date) (Status) 

" : f hereby appoint as principal attorneys Herbert I. Cantor, Reg. No. 24,392; James F. McKeown, 
Reg. No. 25,4 06; Donald D. Evenson, Reg. No. 26,160; Joseph D. Evans, Reg. No. 26,269; Gary 
R. Edwards, Reg. No. 31,824; and Jeffrey D. Sanok, Reg. No. 32,169, to prosecute and transact 
all business in the Patent and Trademark Office connected with this application and any 
related United States and international applications. Please direct all communications to: 

Evenson, McKeown, Edwards & Lenahan 
1200 G Street, N.W. , Suite 700 
Washington, D.C. 20005 
Telephone: (202) 628-8800 
Facsimile: (202) 628-8844 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these- 
statements were made with the knowledge that willful false statements and the like so made- 
are punishable by fine or imprisonment, or both, under §1001 of Title 18 of the United^ States 
Code, and that such willful false statements may jeopardize the validity of the application 
or any patent issuing thereon. 



INVENTOR: Hidehiro Iizuka 
Citizenship: Japan 

Post Office Address/ 1-306, Ishikawa-cho 6-chome , Hi t ach inaka-shi , 

Ibaraki 312-0057, Japan 
Residence: Same as Post Office Address 



December 15, 1999. 



( = -I rm;=) hnrp nf 1 st" ^invpntor) 



(date) (signature of 1st ^Inventor) 



DECLARATION AND POWER OF ATTORNEY 

Page 2 



Attorney Docket 



INVENTOR: Kojlro Okude 
Citizenship: Japan 

Post Off ice Address/ 29-10, Kuji-cho 5-chome, Hitachi-shi, 

Ibaraki 319-1222, Japan 
Residence: Same as Post Office Address 



December 15, 1999 



(date) (signature of 2nd inventor) 



INVENTOR: Masato Kaneeda 
Citizenship : Japan 

Post Office Address/ 20-3, Ayukawa-cho 6-chome , Hitachi-shi, 

Ibaraki 316-0036, Japan 
Residence: Same as Post Office Address 

December 15, 1999 ^^iA^fCo 




(date) (signature of 3rd inventor) 

fNVENTOR: Kousei Nagayama 
citizenship : Japan 

fost Office Address/ 803-50, F una i shikawa , Tokai-mura, Naka-gun, 
:% Ibaraki 319-1111, Japan 

SSsidence: Same as Post Office Address 



D ecember 15, 19 99 



(date) (signature of 4th inventor) 



INVENTOR: Hisao Yamashita 
|i|tizenship: Japan 

|f st Office Address/ 22-7, Hanayama-cho 2-chome, Hitachi-shi, 

Ibaraki 316-0011, Japan 
Residence: Same as Post Office Address 



D ecember 15, 1 99 9 ^Cd&Jl tyfoyi O^JiCt^ 

(date) (signature of 5th inventor) 



INVENTOR: Osamu Kuroda 
Citizenship: J apan 

Post Office Address/ 3-13, Hanayama-cho 1-chome , Hitachi-shi, 

Ibaraki 316-0011, Japan 
Residence: Same as Post Office Address 



December 15, 1^99 



(date) (signature of 6th inventor) 



t 



DECLARATION AND POWER OF ATTORNEY 

Page 3 



Attorney Docket No. 



INVENTOR: Yuichi Kitahara 
Citizenship: Japan 

Post Off ice Address/ 2031-814, Tsuda, Hi tachinaka-shi , 

Ibaraki 312-0032, Japan 
Residence: Same as Post Office Address 



December 15, 1999 



(date) 




(signature of 7th inventor) 



INVENTOR: 

Citizenship : 

Post Office Address/ 

Residence : 



(date) 



(signature of 8th inventor) 



TNVENTOR: 

Citizenship : 

*M>st Office Address/ 

Residence : 



(date) 



(signature of 9th inventor) 



JljNVENTOR : 

Sj.tizenship : 

"Post Office Address/ 

Residence : 



(date) 



(signature of 10th inventor) 



INVENTOR : 

Citizenship : 

Post Office Address/ 



Residence : 



(date) 



(signature of ^thi nV entor) 



